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ABSTRACT 
 
The present dissertation has been written as part of the MSc in Energy Building Design at 
the International Hellenic University- intake 2015-2016.  The subject of the thesis is to 
investigate the Urban Heat Island Effect (UHI), as well as the possible relationship between 
ambient temperature, energy consumption in residential housing and the income of each 
household in different boroughs of London. All the necessary data has been downloaded 
from public available meteorological stations, the World Bank Data and the Greater London 
authority webpage. Urban Heat Island represents a phenomenon present in most of the 
cities that have high densely built areas, high percentage of anthropogenic heat and CO2 
and Green House Gases emissions. The data found was used to observe the difference of 
the heating degree days in different areas of the city of London. The data has been collected 
daily for a period of more than 6 years in some cases. From the heating period (October 
until April) the heating degree days were calculated for a number of different locations in 
London and compared to the station located in the center of the city. The 25 weather 
stations that were used had data available from 2010. After observing the difference 
between the areas, a correlation between the heating period and energy consumption has 
been noticed. UHI is present in the city of London and it’s causing variation of temperature 
across the city affecting the energy consumption in buildings. The results showed that 
energy consumption is highly correlated with temperature and income. Indeed, a 
supposition can be made for the city of London, as the citizens of the suburban area tend 
to move into the center that it is in continuous development. 
 
 
 
 
Keywords: London, UK, Energy consumption, Heating Degree Days, UHI 
4 
 
CONTENTS 
 
 
 
CONTENTS ........................................................................................................ 4 
FIGURES ............................................................................................................ 5 
TABLES .............................................................................................................. 6 
1.INTRODUCTION ............................................................................................. 7 
2.LITERATURE REVIEW ................................................................................... 11 
           2.1.URBAN HEAT ISLAND EFFECT ................................................................................ 11 
           2.2.ENERGY CONSUMPTION AND TEMPERATURE ..................................................... 18 
           2.3.ENERGY CONSUMPTION AND ECONOMY ............................................................ 25 
           2.4. CLIMATE OF LONDON .......................................................................................... 29 
           2.5.DEGREE DAYS ........................................................................................................ 33 
3. METHODOLOGY AND DATA COLLECTION .................................................. 40 
           3.1. HEATING/COOLING DEGREE DAYS ...................................................................... 40 
           3.2. COMPARISON BETWEEN THE STATIONS ............................................................. 43 
           3.3. ENERGY CONSUMPTION CORRELATED WITH HDD AND INCOME....................... 54 
4. RESULTS-CONCLUSIONS ............................................................................. 68 
Reference: ...................................................................................................... 70 
APENDIX: ........................................................................................................ 75 
 
 
  
5 
FIGURES 
 
Figure 1: Schematic map of London showing the position .................................................. 14 
Figure 2: UHI's intensity in the city of London for a three months' period .......................... 15 
Figure 3:  Temperature (bottom graph) and filtered electricity demand (upper graph) ..... 21 
Figure 4: London Heat Map .................................................................................................. 32 
Figure 5: Geographical distribution of HDDs for the cold period of the year ...................... 37 
Figure 6: The temperature in July for Bucharest (WorldClim 1950–2000) .......................... 38 
Figure 7: The locations of the meteorological stations ........................................................ 42 
Figure 8: Difference heating period 2010-2011 ................................................................... 45 
Figure 9: Difference heating period 2011-2012 ................................................................... 46 
Figure 10: Difference Heating period 2012-2013 ................................................................. 47 
Figure 11 Difference Heating period 2013-2014 .................................................................. 48 
Figure 12: Difference Heating period 2014-2015 ................................................................. 49 
Figure 13: Difference Heating period 2015-2016 ................................................................. 50 
Figure 14: Graph of the energy consumption in the residential sector ............................... 56 
Figure 15: Type of fuel used in UK ........................................................................................ 57 
Figure 16: Correlation between Energy consumption and HDD in the City of London ....... 58 
Figure 17 :Correlation between Energy consumption and HDD in the Croydon ................. 58 
Figure 18: Correlation between Energy consumption and HDD in Bromley ........................ 59 
Figure 19: Correlation between Energy consumption and HDD in Hillingdon ..................... 59 
Figure 20: Correlation between Energy consumption and HDD in Havering ....................... 60 
Figure 21 :Correlation between Energy consumption and HDD in Harrow ......................... 60 
Figure 22: Correlation between Energy consumption and HDD in Sutton .......................... 61 
Figure 23: Correlation between Energy consumption and HDD in Hounslow ..................... 61 
Figure 24: Correlation between Energy consumption and income in the City of London ... 63 
Figure 25 :Correlation between Energy consumption and income  in Bromley .................. 64 
Figure 26 :Correlation between Energy consumption and income in Croydon ................... 64 
Figure 27: Correlation between Energy consumption and income in Hillingdon ................ 65 
6 
Figure 28:Correlation between Energy consumption and income in Havering ................... 65 
Figure 29 : Correlation between Energy consumption and income in Hounslow................ 66 
Figure 30 : Correlation between Energy consumption and income in Harrow .................... 66 
Figure 31 : Correlation between Energy consumption and HDD in Sutton .......................... 67 
 
TABLES 
 
Table 1: Per capita energy use and carbon dioxide emissions (1995) ................................. 28 
Table 2: Coordinates of the Meteorological Stations ........................................................... 42 
Table 3: Evolution of HDD at meteorological stations ......................................................... 53 
 
  
7 
1. INTRODUCTION 
 
In the last past decade, significant changes have been observed in the climate and along 
with these changes human life has been also affected. Human activities, over-consuming 
and pollution from the last 100 years have contributed towards the Global Warming 
phenomenon and in the same time deteriorated air quality. High air temperatures, sudden 
weather changes and the melting of ice in the poles are only some effects caused by this 
phenomenon. These effects are causing an adverse impact on nature, the economy and the 
public health.  The very hot and long summer periods, the shorter and warmer winters, the 
substantial amount of precipitation and the frequent floods, are other direct effects of 
Global Warming [1].   
The Urban Heat Island Effect (UHI) represents one of the meaningful and negative 
impacts that exist in urban life, affecting both human health and energy consumption. The 
phenomenon of the UHI was first identified in London in 1833[2]. Over time, UHI effect was 
noticed and studied in all the greatest metropolis of the world but also in small sized cities. 
UHI can be observed in crowded areas where the air temperature is higher in the center, 
compared with the suburban areas. Inside the city, the materials that are used to create 
buildings, like concrete, have the property to absorb sun radiation and heat and re-radiate 
it slowly during the night. Another action that is increasing the UHI's intensity is the 
reduction of the green areas and the design of inadequate buildings that change the 
direction of the air flows in the urban city. Last but not least, another important action is 
the production of anthropogenic heat that is emitted by cars, different industries and 
cooling/heating systems.  
Citizens should start projecting more energy-saving buildings to fight back UHI’s effect, 
and to secure a better future for their lives. The majority of the studies have underlined the 
compelling effect that it has on the energy consumption of buildings. As the studies point 
out, it has been noticed that in some part of the cities, the UHI effect has contributed in 
forming the so-called urban dwellers that have the negative result during the summer and 
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where buildings have a higher consumption of the cooling systems to cover their indoor 
comfort.  
Tree canopy is the most important thing that helps to reduce the excess heat. 
Nevertheless, in the developed cities, trees or green areas are cut off in order to build more. 
It is very difficult to replace the number of trees/green areas or to integrate them in the 
already developed areas. The only part where humans can make a difference to decrease 
this effect represents the way in which they are designing the present and future buildings 
and systems.  
Greenhouse gases are the main reason why heat is trapped in the atmosphere. 
Greenhouses gases include water vapor H2O (g), Carbon Dioxide (CO2), Methane (CH4), 
Nitrous Oxide (N2O) and Ozone (O3). As more and more CO2 is released on Earth, the 
radiation from the sun is trapped and heats up the planet. By adding more greenhouse 
gases, humans alter the natural cycle of the atmosphere, making it harder for the radiation 
to escape. People are increasing the percentage of CO2 in the atmosphere layer by burning 
fossil fuels for producing energy (natural gas, oil, coal, etc.) and by cutting down the forest, 
the "blanket", represented by the gases is, slowly getting thicker and the air temperature 
increases. This action results in extreme and unpredictable weather conditions, as discussed 
before. The total production of electricity worldwide is responsible for about 23 billion tons 
of CO2 emissions per year [4].  
Climate is suffering different changes, most of them caused by increased 
anthropogenic emission of carbon dioxide and other greenhouse gases, and it is a long-term 
phenomenon that has the potential to change the intensity, temporal pattern, and spatial 
extent for the UHI in metropolitan regions [5].  With the problems mentioned before, the 
authorities have found two unique solutions to fight back this effect. 
One is referring to the municipal level; humans should try to decrease the difference 
between the temperature of the cities’ centers and the surrounding areas. The solution can 
be achieved by increasing the green areas and simultaneously reducing the amount of 
anthropogenic heat and by allowing the “Canyon-effect” among the streets and allowing 
the air flow to circulate through them. 
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A second solution, refers to the building itself, by increasing the isolation of the 
thermal mass, by adding shading devices and replacing systems to cover the heat/cooling 
need with cleaner energy (electric or renewable). If the green areas were integrated into 
the buildings, this would have a significant impact on the intensity of UHI, by decreasing it 
and at the same time by acting like thermal isolation on the building, with no losses. 
Nevertheless, for the roof of the buildings, that nowadays is an unprotected surface full of 
concrete that is absorbing all the sun radiation, the best solution is to convert them into a 
green roof. The numerical simulations that have been carried out by different analyses have 
underlined the fact that as the surface of the green areas is decreasing the flow of the heat 
from a building increases from 68% to 76%, even when extra insulating materials are not 
present [6]. 
This thesis is focusing on the intensity of the UHI effect in the city of London during 
the last years, and how these changes have affected the energy consumption. In the 
literature review, a review of the articles published in the past that are examining the 
relationship between outdoor temperature, energy consumption and the economy of 
different cities is presented. The objective of this paper is to analyze the impact of the 
atmospheric temperature upon the building’s energy consumption, taking into 
consideration the intensity of UHI. In the same time, the environmental impact caused by 
heating/cooling systems among a metropolitan area is analyzed. The research can be used 
in order to forecast energy consumption in other regions.  
 The paper is structured in 3 main Chapters. Chapter 2 describes past studies made 
by different researchers about the UHI effect in various metropolitan areas, undertaken 
with different methodology and different results. A part of the researchers conducted 
analyses to understand the correlation between energy consumption and the economy of 
the city under investigation. The chapter contains the meteorological data collected from 
different meteorological station located indifferent boroughs in the Greater London, in 
order to estimate the Heating Degree Days, on a daily basis. The research focuses on the 
heating period from 2010 until 2016. It also includes a comparison between the different 
areas with the center of the city as well as the correlation between UHI and energy 
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consumption. In chapter 3 the conclusions of the thesis are presented along with possible 
future work.  
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2. LITERATURE REVIEW 
2.1. URBAN HEAT ISLAND EFFECT 
 
Urbanization is a convoluted process of changes in the rural lifestyle into an urban 
one [7], the intensity of the process has been increasing rapidly since the Second World War, 
and it is one of the main reason that the urban environment is deteriorating. In the last 
century, studies have shown that the population is increasing fast and today more than half 
of the total population is developing in the urban area. An adverse effect on the thermal 
balance of the environment appears when people are building continuously and decreasing 
the percentage of vegetation and trees in the city.  
The residence of the city can feel that in densely build area the air temperature is 
higher compared with the surrounding suburban areas.  This phenomenon has been defined 
as "Urban Heat Island Effect" (UHI). This phenomenon has a direct effect on the comfort of 
people, on the urban microclimate and the consumption of energy in houses and buildings 
to cover the heating or cooling demand. 
UHI is a well-studied phenomenon, and a large number of studies have been made 
in different cities in the world and has been characterized as a climatic phenomenon where 
the cities have a high difference in temperature in the urban areas compared to their rural 
surroundings.  The formation of these differences comes from different factors. On the 
report by, Oke (1991) [8], the thermal properties of the material that may increase the 
storage capacity, the urban morphology and air pollution levels are some of the factors, 
while some others are: 
 Canyon Radiative Geometry that represents an architecture characteristic that 
contributes at decreasing the long wave radiation loss due to the complex exchange 
between buildings and skyline and in the same time it is declining the effective 
albedo of the system; 
 Urban greenhouse that contributes to increasing the incoming long wave radiation 
from the polluted and warmer urban atmosphere; 
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 Reduction of evaporating surfaces in the city converting more energy into sensible 
and less into latent heat; 
 Reduced turbulent transfer of heat between streets; 
 
The urban area is characterized by a significant amount of short-wave solar radiation 
that is captured, absorbed and stored in the urban surface during daytime while during 
nighttime the heat is released slowly back into the environment. 
Research carried out by Hacker (2005) [9], explains the three most important effects that 
come together with the Heat Island phenomenon. The first parameter affected by this 
increase of temperature is the thermal comfort of humans. In the city center, during 
summer people will tend to use air conditions systems in the building. The second 
parameter is directly related with the first one mentioned, the high usage of air conditions 
is coming along with the increase of energy consumption.  However, heating loads during 
winter will tend to be reduced in the center of the city. The last parameter affected is health; 
the heat created can be responsible for health problems.  Studies from the past regarding 
the intensity of UHI effect in the city of London have discovered that the thermal center in 
the city center is characterized by high buildings and a significant amount of anthropogenic 
heat emissions.    
The intensity of Heat Island Effect was well studied in the past. For example, in 1820, 
Luke Howard (1981) [10] published an analysis of 10 years of daily temperature 
measurements which established the existence of London’s UHI, by comparing the air 
temperature from the city center with that of the country side. He managed to collect a 24h 
data temperature for July and for November and he reached the conclusion that in July the 
temperature in the city center was 1oC higher that the country side, hence in November it 
was 1.2oC higher. Howard has also affirmed that during the night in the city center was 
warmer with 3.7oC and during day time it was 0.34oC cooler compared with its surrounding 
suburban areas. 
The city of London was an attractive subject for the scientist that wanted to study 
more the intensity of Heat Island. London represents a city that is continuously developing. 
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Therefore, the architecture of the city with high buildings and spacing is affecting the 
temperature of the city because they are acting like giant storage heaters that collect the 
heat during the daytime. 
A large number of past studies have been carried out to understand the Heat Island 
in London. Watkinsa (2002) [11] has been investigating the variation of air temperature 
across the city in London taking into account air temperature measurements collected 
during the summer of 1999s.  He used some 68 stations that were positioned in a compass 
shape and recording simultaneous hourly air temperatures. He tried to have an equal length 
between them, but in some cases, the site suitable for positioning could not be found, or 
he did not have permission to install the station there. In Figure 1 he managed to sketch the 
map with the station that he managed to install. The difference of lengths that are shown 
on the map is due to these obstacles that he encounters. 
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Figure 1: Schematic map of London showing the position [5] 
 
From the data collected he managed to identify the intensity of the Heat Island 
phenomenon and reach to the conclusion that it is dominating during the nighttime, the 
intensity reaching 7oC occasionally.  In Figure 2, he recorded the intensity of UHI for a three 
months' period. The phenomenon it is appearing more during night, as it is shown that the 
mean rural temperature in the city it is around 0.7 to 0.8 K after 11:00 in the morning, but 
after 19:00 in the evening is increased sharp, reaching 2.5-3.00 K and it remains stable until 
6:00. 
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Figure 2: UHI's intensity in the city of London for a three months' period 
 
Givoni (1998) [12] in his article regarding urban design mentioned the fact that: “In 
the major cities it is common to observe nocturnal air temperatures 3–5 K higher than the 
surrounding areas, and, in extreme cases, higher by up to 8 K. During the daytime hours, 
however, this difference in air temperature between the city and its surrounding area is 
smaller—only about 1–2 degrees—and often the daytime temperatures in a densely built-
up area are lower than in the open country.” 
Chandler (1965) [13] in his research gave particular attention to the climate of London. 
In his paper, he is referring to the factors that contribute to urbanization. Chandler 
describes the city as” a high, density, composition and structure of buildings (…) covered by 
an impervious layer of concrete and macadam”. In his paper, we can observe data collected 
for atmospheric pressure, weather type, air masses, the wind, radiation and the sunshine, 
air temperate and humidity and the climate itself. From all the data collected from an 
extensive sample period that he collected, the conclusion was that the annual mean 
temperature that was gathered from the Meteorological Observatory between 1931 and 
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1960 in the city center is 1.4 K higher that the suburban areas. The monthly difference was 
discovered too higher in the summer with 1.6K and during winter by 1.2K.   
Investigations about UHI intensity were carried out in different regions and cities, 
not only in London. Thirteen studies have been published regarding various cities and 
regions in Europe like Athens, Munich, Rome and Volos and another six from the whole 
World like Boston, New York, California, Texas, Australia and the Bahrain.  
In the Unites States, Michael Street (2003) [14] has studied the impact of heat island 
in Boston, USA and reached a conclusion and depending on the reference station the 
intensity of the heat island can vary between 1.3oC and 2.8oC.  He collected data and after 
used it to identify the energy performance needed to cover the cooling and heating demand 
first for a small office building and after for a residential family house. The results show that 
for the heating demand, the heat island had a contribution in decreasing it by 2-10% to the 
office building and 14% to the family house. For the cooling demand, significant changes in 
the urban area were noticed. For the office, it increased up to 37% and for the family house 
up to 9%. 
M. Kolokotroni (2006) [15] has been studying many years the UHI effect in the city of 
London taking into consideration the effects caused by high air temperature on the 
efficiency of the stack ventilation solutions during night time for office buildings in London. 
From past research carried out in London, it is well-known that it is mostly a nocturnal 
phenomenon. Therefore, it has a negative influence not only on the passive ventilation 
efficiency but also on night ventilation as well.  
The case study was performed in a typical air conditioned office that was using a 
fresh air fan-coil. Kolokotroni used data of air measurements that has been used to identify 
the UHI Intensity between 1999 and 2000.  For the study, she used two different locations, 
a typical office space in the center of London, near the British Museum and one located in 
the western rural area, in Langley Park. In the first part of her comparison he underlined the 
building from different areas, and after in the second part the functionality and type of the 
building. She observed that in the rural building where the thermal mass of the building was 
improved in order the night ventilation to have efficiency, the cooling demand had been 
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reduced up to 76% compared to the one in the center of London.  The primary purpose of 
her article was to understand that it is not enough if we install efficient systems of decrease 
the number of negative parameters, but it is necessary to take into account the design of 
the building as well. Different parameters like solar protection systems, shading, the usage 
of glazing, and the internal gains can have a great importance ion reducing the cooling 
demand in a building.  
In a recent article, Kokotroni (2011) [16] has mentioned LUCID (‘The Development of 
a Local Urban Climate Model and its Application to the Intelligent Design of Cities'), an 
essential instrument established by The UK Engineering and Physical Sciences Research 
Council (EPSRC) and had the goal to investigated the related impacts of UHI and the 
relationship between the built area, local temperature, human comfort, energy 
consumption and use and the health of people. Hajat reported from a daily study that he 
performed that the daily mortality in England between 1993 and 2003, London has the 
highest risk of mortality due to the substantial heat effects.   
The city of Athens, Greece is characterized by high mountains surrounding the city 
that helps at developing high temperatures during summer, high mean and maximum 
temperature recorded in the city center and the western part. M. Santamouris (2011) [17] 
has investigated the heat island effect in Athens in many of his articles. He characterized 
the city as a high urban density, with no vegetation and increased urban heat emission. In 
one of his paper, he collected data from multiple urban and rural meteorological stations 
mainly recorded in June, July and August and to understand better the UHI phenomenon 
he divided Athens into different areas.  Using different statistical analysis and using a t-
statistic of means he managed to examine the mean and maximum daily ambient 
temperature values. He explores the difference between the daily pair of temperature 
values by formatting a combination of five parts.   
He attributed the null hypothesis H0 as the difference between the pairs to be equal 
to 0(zero) and after running the specific test he came to the result that the t-test of the pair 
along with the specific t values were significant, at a critical value of 0.05. Therefore, the 
conclusion was that all parameters that he collected in the areas were statistically 
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significant and that all sectors have different ambient conditions. In other words, he defined 
that the mean daily value between the city center and the West part is lower but higher 
compared with the north area.  Nevertheless, in the West, center and a part of the south-
east data show that the mean monthly temperature exceeded 27.5oC mainly from the 
presence of the mountains that acts like a natural obstacle blocking the north wind. The 
result shows that clearly high temperatures exist in the West part of the city as an effect of 
industrialization and in the city center caused by car traffic and anthropogenic heat and in 
the North and East part significant lower temperature values.  
Furthermore, in the same paper, Santamouris tried to investigate the correlation that 
exists between the day and night air temperature to observe the heat island phenomenon 
in the evening. Having a monthly basis, he performed tests to calculate the mean and 
maximum day and night air temperature values exceed 30oC. The results show that in all 
stations conclude that during the night the heat island is present especially in the West part 
of the city of Athens.  
 
2.2. ENERGY CONSUMPTION AND TEMPERATURE 
 
On the same field, Akbari (2001) [18] mentions that the World's energy usage is the 
primary contributor to atmospheric CO2. Urbanization is leading to massive building 
constructions and from the fact that the cities are increasing it has a major and adverse 
upon the energy consumption. In the present, it is a known fact that energy consumption is 
directly related to the air temperature. Various studies have been concluded in the past in 
which it has been investigated that the influence of the ambient temperature on the energy 
consumption in the buildings. UHI represents a substantial factor that contributes to 
increasing the energy consumption in buildings and its intensity increases also from the 
urban surfaces that are built from non-reflective dark-colored materials and lack of 
vegetation surfaces. Trees and green spaces have the ability to cool the city and help save 
energy by providing solar protection on the buildings during the summer period, white the 
evapotranspiration action can reduce the urban temperature. The National Academy of 
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Science of United States reported that if 100 million trees are planted, and we can 
implement light surfacing programs, it will help us to reduce the electricity consumption by 
50 billion kWh per year. The value is equivalent to 2 % of annual electricity in the USA.   
A factor that can help us reduce consumption is the materials we use in 
constructions. The materials that are used today in the city are characterized by various 
albedo values that are not reflective and are absorbing the heat coming from the solar 
radiations and release it after slowly.  
Akbari (2001) [18] carried our different tests regarding on how the ambient air 
temperature is affecting the energy consumption in the building.  In his study, he mentioned 
reports that he achieved in the last 100 years in several cities in the United States. It was 
noticed that the air temperature has increased from 0.5 to 3.08 o C, consequently increasing 
the electricity demand in the houses and buildings by 2 to 4%, will continue to grow as long 
as the intensity of the urban heat island is increasing. 
Mitigation of the urban heat island, which refers to the ability of the buildings to 
adjust to the climatic anomaly, to moderate the potential damage and to take advantage of 
the opportunities and cope with the consequences. This activity can reduce the energy that 
the air conditions are using by 20% and save over $10 B per year and improve the air quality. 
Increasing the number of vegetation and trees and replacing the urban materials with high-
albedo properties can affect the energy consumption in the buildings and have a significant 
impact on it. 
Huang (1987) [19] has studied the potential of vegetation use and trees in reducing 
summer cooling loads in residential buildings, and he declared that the energy consumption 
in the building is affected direct and indirect by the trees.   
The immediate effect is referring here that the heat gain from the sun will be 
reduced and at the same time, the heat that is gain from the surroundings will be reduced 
as well through shading. The indirect effects are attributed to the evapotranspiration 
phenomenon that will decrease the ambient temperature, creating the "oasis effect", and 
it can be possible increase the latent load from the air conditioning systems by adding the 
moisture that comes from the evapotranspiration.  
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J. Moral-Carcedo and J. Vicens-Otero (2005) [20] investigated the effect of 
temperature on the variability of the Spanish daily electricity demand to outline the non-
linearity of the request to the variation of temperature by proposing a regression model. 
They defined that when the difference between the indoor and outdoor environment 
increases, automatically the need of starting the heating or cooling equipment raises.  In 
the analysis, they used the Heating Degree Days and Cooling Degree Days parameters in 
monthly terms, to present a new approach for analyzing the effect of temperature on the 
electricity demand and determine the intensity of the request as the influence made by the 
variation in air temperature, shown in Figure 2. After investigating the data and running 
tests with different regression shapes that reached the conclusion that the functions 
capture the number of days on which the temperature is below or above the" base" of the 
cold and heat and in the same time they manage to identify how many degrees the 
temperature has deviated from the base. This article has explored the potentialities of 
different nonlinear models both in the analysis of the behavior of demand and in its 
modelling and validation of temperature thresholds.  
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On the same field, M. Santamouris (2011) [21] presented the impact of the energy 
consumption caused by high temperatures in the environment referring to the city of 
Athens. He collected and investigated climatic data measurements from 30 urban and 
suburban stations installed in the city to evaluate the cooling and heating loads of the 
buildings from the city center and its surrounding areas and how it is affecting the energy 
consumption. Also, in his findings showed that the cooling load is almost double in the city 
center and has a peak electricity triple if the set point temperature is increasing. 
By using the same data, it was noticed that the minimum COP (Coefficient of 
Performance) of the air conditioning systems had been reduced up to 25%, but at the same 
time, the heating load has been reduced up to 30-50% compared with the buildings that 
exists in the surrounding areas. 
Santamouris has also mentioned the potential natural ventilation in the urban areas, 
with particular care given to the urban canyons. Therefore, he selected ten different urban 
Figure 3:  Temperature (bottom graph) and filtered electricity demand (upper graph) [20] 
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canyons in the city, collected the temperature data from the environment, from the 
facades, pavement and roads during daytime and by comparing the results he showed that 
the air flow rated inside the canyon can be reduced up to 10 times. 
Similar research was carried on by Psioglou (2009), [22] by using the same type of 
data, made in the summer of the 1997s in different canyons in Athens to illustrate the 
cooling loads in a spatial variation across the city. The canyons had a different position, 
orientation, anthropogenic heat and vegetation. His main purpose was to collect the data 
to calculate the cooling and heating needs of a 500 m2 multistory office building. The 
buildings had a set point temperature of 28oC, the highest peak load is close to 27.5 kW, 
while the minimum one is close to 13.7 kW. The conclusion from the study showed that the 
peak load in the city center is double that the surrounding part and the main responsible 
for this result is the high ambient temperature and not of the different values of set point 
temperature inside the buildings.  
As the phenomenon of UHI exists in all metropolitan cities, an article published by 
Hirano (2012) [23] had the aim to evaluate its effect on the energy consumption Tokyo, Japan 
by using a new and different approach. He developed a new methodology taking into 
consideration the energy consumption and temperature but both in a spatial and temporal 
distribution. Hirano gave particular attention towards the commercial and residential 
sectors and in order to evaluate the energy consumption he established different equations 
in two distinct case scenarios: under the present conditions and under no-UHI effect. In his 
tests, he used monthly and hourly mean temperature data collected between 1984 and 
1993 and for the specific energy consumption he collected existing survey documents. After 
performing different tests, he reached the conclusion that UHI has impact on the cooling 
demand in the commercial buildings more than on the residential buildings.  The results 
show that the energy consumption in the commercial buildings that aim to cover the cooling 
demand has increased with 8500 TJ/year, hence for the heating demand has decreased with 
around 6800TJ/year. Nevertheless, the residential buildings have more or less the same 
results comparing the energy for cooling and heating demand. The results show that for 
heating demand it has been decreased with 7300 TJ/year and the cooling demand has 
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increased with 3900 TJ/year. In terms of percentage, he underlined the fact that in the 
commercial buildings the energy consumption for cooling needs has increased with 27.5% 
but for heating has decreased to 18.4%, the results being an effect of UHI. In his conclusions, 
he also suggests some relevant solutions that can help to reduce the UHI effect and the 
energy consumption in the densely-concentrated areas such as Tokyo. The solutions imply 
different measurements like high-albedo materials on the buildings or green spaces on the 
roof, by planting deciduous trees or creating urban ventilation paths to decrease the 
temperature in the hot season. 
Concerning the energy consumption in London, Kolokotroni (2010) [24] described a 
different method. She collected input data from one available meteorological station for 
the time she chooses to examine and the actual measurements that she gathered from that 
air temperature within the city. Kolokotroni used degree days to calculate the heating and 
cooling energy consumption. For the cooling load calculation, she made the assumption 
that all the air conditioning systems have the set temperature at 12oC.  
Degree Days (DD) are commonly used for calculating energy consumption. 
Kolokotroni reached the conclusion, which depending on the weather conditions, referring 
to a building located in the city center, the energy consumption required for heating is 65% 
and for cooling 42% higher than a building with the same characteristics but located outside 
the UHI phenomenon.   
Psiloglou (2009) [25] contrived a comparison article referring to the electricity 
demand between London, UK, and Athens, Greece having a sample period the years 
between 1997–2001.His aim was to investigate the relationship between the two 
parameters affected by climatic and non-climatic related factors. The most important part 
that contributes to this relationship is given by the ambient temperature. In some of his 
performed test, he reached the conclusion that a nonlinear relationship between electricity 
and temperature exists. He continued further the test, using this time as a variable Degree 
Days. By using Cooling (CDD) and Heating Degree Days (HDD), as a set up difference 
between the mean daily temperatures from a set base temperature, considered to be the 
desired indoor temperature.  
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The results show that for the cold season the peak for electricity demand is observed 
in both cities, but during the warm season, it is highlighted in Athens, from the increased 
temperature and the high usage of air-conditioning systems. 
Enric Valor (2001) [26] was interested analyzing the relationship between electricity 
load and daily air temperature in Spain using a statistical approach. The electricity market 
is mainly caused by changes in the weather conditions. In order to perform the tests, he 
collected daily electricity load in MWh from all sectors (residential, industrial and 
commercial).  
The values were taken at an interval of 30 minutes and were collected from all the 
peninsular Spain because the regional data were not available or were lost. The sample 
period he chooses to study was between January 1983 and April 1999. The results of the 
tests are useful in modelling and forecast the electricity consumption. In some test, he used 
as a variable the mean daily air temperature to observe better the thermal oscillation during 
24h. He calculated the variable like the arithmetic mean of the daily maximum and 
minimum values. 
From the results, he has achieved he noticed that the electricity demand is sensitive 
to the daily ambient temperature but also has a significant trend associated with different 
factors like demographic, social or economic that are increasing slowly over time. In order 
to have a better understanding of the results, he performed a different test using various 
parameters like the Heating Degree Days and Cooling Degree Days to characterize and 
quantify better the demand for electricity. In the final conclusions from the test, he 
managed to find out a correlation coefficient that can define the heating and cooling 
demand having an estimated standard error of 64% for predicting electricity load for 
heating demand, hence 62% of the cooling demand.  
The relationship between the air temperature and energy consumption of buildings 
is a sensitive subject that took the attention of many researchers over the past years. Many 
of the articles are referring to how to predict the energy consumption in a building taking 
into consideration factors like air temperature, UHI intensity, the Degree Days, the 
characteristics of the buildings or the systems the use inside. Past papers review a different 
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type of methods that have been adopted to predict and forecast the energy consumption 
in the building; some of them include an engineering or statistical approach. Each one of 
the methods has advantages or disadvantages. 
Concerning another methodology, J.A. White (1996) [27] has performed an 
engineering method using the average monthly air temperature to predict the monthly 
energy consumption in a building. The data that he used was precise and was formed of 
different parameters and factors like the technical data of the heating or cooling systems, 
comparing with other technical HVAC systems, energy savings, control settings, monthly 
consumption and costs and compared with the typical meteorological year data. The main 
purpose of the research was to plot all the parameters and to obtain precise line at the 
moment when it appears difference between the heating and cooling demand in a building 
as a result of the changes in the average monthly temperature. 
 The statistical method, on the other hand, is performing regression models 
correlated to the energy consumption and different parameters that are affecting it. The 
tests are developed from existing historical data. Bauer and Scartezzini (1998) [28] have 
developed a regression model that can handle the heating and cooling demand dealing with 
the internal and solar gains. They performed test having two different scenarios, one of the 
scenarios consisted of a passive solar office room with different solar controlled blinds and 
another one in a non-residential building having HVAC controllers. For the scenarios, they 
have used The Eta method, a type of method that is dealing with the internal and solar gains 
and can be used to calculate the possible gains in summer or winter. The purpose of Eta is 
to measure the energy savings of the thermal improvements and to compare the results of 
different buildings. 
 
2.3. ENERGY CONSUMPTION AND ECONOMY 
 
Regarding the correlation between energy consumption and the economy, M. 
Santamouris (2007) [29] investigated the key features of the residential sectors and tried to 
realize a relationship between energy consumption, income and social structure of the 
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building sector. He collected and analyzed the data from 1110 households located in Athens 
in 2004 and divided into five main groups that corresponded to general information, the 
income of the household, energy system and operational conditions, energy consumption 
and the quality of the building envelope. As the data was collected, an important conclusion 
was revealed, the fact that energy consumption is strongly related to the income of the 
family. The energy consumption for the low-income person is higher that the person with 
high income. Santamouris mentioned this phenomenon as "energy poverty". The term was 
first used in the 1980s and is defining as the inability of a family to afford funds for proper 
heating.  People with low income are possible living in old buildings with low-quality 
envelope characteristics and tend to use cheap fuel for consumption.  
Problems like energy poverty, increased the unemployment rate, the degradation of the 
environment are the main significant problems in cities less developed. Santamouris 
mentioned in his paper the fact the nowadays, the use of air conditioning system is 
increasing even for the low-income groups. As he examined both low-income and higher 
income groups, he underlined the fact that the percentage of using air conditioning systems 
is increasing and affects the low-income grope directly. He affirmed that as a mean value, 
the use of the system is about 100 Euro per household, that means 0.6 Euro/m2 or 12.3 
euro per person that increases the annual expenses, but for the low-income grope the 
relative increase is significantly high reaching around 195e per household (1.2 Euro/m2, or 
87 Euro/person). 
On the same range, another paper developed by Santamouris (2013) [30] aim to 
investigate, analyze and characterize the relationship between the energy consumption and 
energy crisis that exists in Greece.  The investigation consists of a survey via questionnaire 
from 595 households located in Greece, in different regions and having different bioclimatic 
types. The study was elaborated in the spring and summer of 2012 that plan to collect data 
referring to the energy consumption attributed to the heating demand for 2010-2011 and 
2011-2012 and make a comparison between them. The methodological data collected from 
this period show that the winter of 2010-2011 with a maximum average temperature of 
16.6oC was ranked as being the warmest winter in the history, according to the National 
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Observatory of Athens. Therefore, the results of the survey show that the citizens have 
consumed less energy not only from the weather conditions but also from the economic 
degradation. After finishing the survey and analyzing the data, Santamouris came to the 
conclusion that for the lower-income families, three out of four households have fuel 
poverty.  
Emery and Kippenhan (2006) [31] have worked on the behavior of the energy 
consumption needed for heating. Their purpose was to compare the behavior of an 
occupied space versus an unoccupied space, called MSC-Model Conservation Standard. The 
family residential houses are located Seattle, USA and were monitored over a 15-year 
sample period, 1987–2002. The houses have similar characteristics with similar orientation, 
using electric baseboard radiation units located under the window and controlled by a 
thermostat. The houses were left unoccupied in order to implement the necessary tools 
and collect the data without the occupants to affect the results. Each house was equipped 
with tools that recorded every 30 seconds the indoor temperature, heat flux, air and water 
flows and humidity. The outdoor conditions were also measured with an individual weather 
station located on the site that gathers date regarding the outdoor temperature, humidity, 
wind speed and solar radiations.  In a sample period, they collected a compared the data 
and noticed that the total electricity use during the winter season for electricity was higher 
with 23% at the occupied house comparing with the MCS houses. They reach to the 
conclusion that the consumption needed for space heating is not affected by the life style 
of the occupants, and for the prediction of the consumption it is enough if we consider 
changes in the overall U-value of the materials. It was a discovery to observe that over 15 
yeast of measurements the space heating behavior didn't have changes and the tightness 
of the building envelope hasn't degraded.  
The relationship between energy consumption and income has been studied in 
many past papers. In order to examine this relationship, most of the researchers have used 
co-integration and error correction modelling techniques, mainly using the multivariate 
Granger causality to obtain a link between the economic activity and the environment 
degradation. 
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John Asafu-Adjaye (2000) [32] investigated the correlation between energy 
consumption, income and prices by using a statistical approach. His aim was to test for co-
integration using three variables with lagged values and by using co-integration techniques 
to evaluate the causal relationship in India, Indonesia, Thailand and Philippines. He chooses 
these four countries due to the fact that they are densely populated and have high 
emissions of CO2. The data that he managed to collect represented annual time series 
obtained from World Development Indicators 1998, between 1973 and 1995 for Indonesia 
and 1971 to 1995 for the Philippines. In Table 1 we can observe the report, he concluded 
referring to the per capita energy and the emissions of CO2. In his test, he used the Engle-
Granger methodology and different tests like Dicky Fuller and Philips-Perron that are 
examining the stationarity of the parameters. Co-integration is referring to a linear 
combination of variables that are stationary (a variable is stationary when it has a constant 
mean, constant variance and constant auto-covariance for each given lag). Stationarity can 
strongly influence the behavior and the properties of a variable.  Using a non-stationarity 
data, it can lead to spurious regression with invalid results.  
Moving forward, the results of the tests rejected the null Hypothesis of non-stationarity 
referring to the prices of all countries except Indonesia, but when the first difference was 
taken, the Null hypothesis was rejected for the majority of the variables. As the tests were 
performed, the results show clearly that in the case of India and Indonesia it exists a 
unidirectional causality between energy and income, hence for Thailand and Philippines it 
presents a bi-directional causality between the two variables.  
Another study that was carried on by David I. Stern (2000) [33], having the case study 
in the US again, is referring to an investigation that he made to search for the relationship 
between GDP and energy consumption after a post-war period. He started his research in 
Indicator India Indonesia Thailand Philippines 
Population mid-1996 (millions) 945.1 197.1 60 71 
GNP per capita 1996 (US$) 380 1080 2960 1160 
Manufacturing  
(average growth rate % p.a) 
8.1 10.5 7.7 5.6 
Energy use per capita (kg) 260 442 878 307 
CO2 emissions per capita (MMt) 1 1.5 2.9 0.9 
Table 1: Per capita energy use and carbon dioxide emissions (1995) 
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1993 when he first tested for Granger causality by imposing a vector autoregressive model 
in which the parameters were GDP, energy consumption, capital and labor.  
In 2000, he published an article in which he investigated the properties of the GDP 
parameter, energy, labor, and capital having three results of a dynamic co-integration 
model. The data that he used in his test were collected between the years 1948 and 1994. 
As he tested for stationarity and co-integration, using the Dickey-Fuller and Phillips-Perron 
test, he reached the conclusion that from the univariate test shows that the energy 
consumption, capital and GDP are co-integrated variables; hence the labor parameter 
shows to be trend stationarity. In the equation of co-integration, he came with the results 
that the energy consumption is strongly explaining the GDP variable.  
From all the models that David examined, he reached the conclusion that through 
the Engle-Granger causality it exists two scenarios, in one of it that shows that between 
energy consumption and GDP exist a unidirectional causality and in the other two models 
examined it exist the possibility to have a mutual causality relationship, hence the energy 
consumption has a significant part in defining the economic growth.  
 
2.4. CLIMATE OF LONDON 
 
The city of London is located in the South-East part of England, represents the capital 
of the country, and it is the most populated city with the fasted growing rate in the World. 
It is represented by a temperate oceanic climate with light precipitations through the years, 
with cool summers and mild winters, no wet or dry seasons but often moderate to strong 
winds. Temperature is tending to increase towards the center of the urban area, as a 
consequence of the Urban Islands effect. 
The city is separated in boroughs, administrative deviations, 33 in total including the 
city of London. The population of each London Borough is around 150,000 to 300,000. Inner 
London boroughs tend to be smaller, in both population and area, and more densely 
populated than Outer London boroughs. Since the 1980s the population was growing fast, 
but in the last two decades has bounced back after a long decline. The population has 
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continued growing since 2001 and was estimated to be 7.8 million in 2010, a level last seen 
in the 1960s, and it became the most crowded city of England. The city represents today 
one of the world’s top financial center and has the 6th biggest metropolitan range GDP. The 
city offers a multiple option and qualitative in the field of business, education, tourism and 
finance.   
Tony Chandler [13], was the first that characterized the climate of the city from all 
points of view and published for the first time his book "The Climate of London" in 1965. In 
the content of his book he characterized the citizens of the city as living” in a profoundly 
man-made climate”. He mentions some characteristics referring to the City of London 
comparing with other areas that are surrounding the city. Features that includes many 
parameters such as: 
 Lighter winds compared with the calm ones in the surrounding 
 Intense concentration of pollution 
 Drastically reduced sunshine hours in the cold period 
 High temperature compared with other parts of London 
 Lower relative humidity, except in the areas near the park or the river of Thames 
 Poor visibility 
 Susceptibility to relative early-morning fogs 
 Decreased number of clear days 
 
Ewart (1902) [34] described how "the town as a whole has undergone for years, and 
particularly during the past few years, a strong desiccating process owing to the protection 
of the vast areas of its surface by roofs and roads and the leading of the surface water 
underground”. He declared that the "influence of this drying process added to the smallness 
of the rainfall special to the Thames Valley, has been conducive to the health and comfort 
of its inhabitants”. 
After a significant number of studies have been made regarding the intensity of UHI 
in the city of London, the current Mayor of London Sadiq Khan with different organizations 
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developed an online application where different heat data is collected and observed 
(www.londonheatmap.org.uk). 
This heat map was conceived as a part of DEMap (Decentralized Energy Master 
Planning) under provides information about the difference in temperature across the city, 
which is quite widespread across different boroughs. The heat symbolized on the map is 
collected from different sources and also represents the anthropogenic heat produced by 
different systems or modes of transportation. With the help of the map, the Mayor declared 
that his target is to supply a quarter of London’s total energy by the year 2025 with 
designing new decentralized projects without risking any development cost. 
This map helps underline a meaningful comparison between different areas, 
depending on the energy consumption and exterior temperature and at the same time is 
helping researchers to provide an adequate solution to save energy and reduce pollution. 
To be more precise, this map is an online instrument from where different investors can 
obtain and observe data to find opportunities for decentralized energy projects and 
calculate their efficiency. The database that is included in this online tool is connected with 
the major consumers of the city, with the CO2 emissions and the heat density from different 
areas. From this map, the investors can collect data to project sustainable projects.  
It is visible that the climate of London is changing, the summers have a higher 
temperature, and they are drier, while also extreme weather situations like heavy storms 
or heat waves are more common, and all these changes can be attributed among others to 
anthropogenic impact.  
The London Heat Map (Figure 4) represents the main key in this work, as it provides 
a valid point of reference to compare energy consumption and air temperature differences, 
collected by automated public weather stations, due to the heat island effect throughout 
the greater metropolitan area. The Heat Map was created to establish the opportunities 
that can be in different areas to develop different decentralizes network to provide energy 
for different parts of the city and at the same time, it can help the authorities to underline 
a base for the possibility to create the connections between the district heating networks.  
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Figure 4: London Heat Map 
The existing systems in London that produce energy are inefficient, and during the 
transmittance of it on the grid, they produce a high amount of loss. Having this fact, the 
mayor’s aim was to reduce as much as possible the CO2 emissions. By proceeding with this 
action, it will help reducing the losses that exist in the city and open new possible solutions 
to design decentralized systems. As the mayor declared in 2010, that 40% of the gas 
emissions that exist in the city belong to the housing sector the majority, followed by the 
commercial and public services.  The Heat Map has the aim to help the authorities with the 
information needed to design and project new proposals of decentralized systems that will 
contribute to reduce the UHI effects without any risks. 
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2.5. DEGREE DAYS 
Many studies have been made in the past in order to obtain a common observation 
regarding the energy consumption in buildings. In these studies, researchers have used 
another calculating method, based on the degree-days, either heating degree-days or 
cooling degree days (CDD). The degree-days represent a number, a measurement based on 
a specific data and it is calculating the energy needed for heating or cooling in a building 
having a temperature base, represented by the ambient one, as the energy needed directly 
proportional with the HDD of a specific location.  
The degree day is a type of weather data, calculated from ambient temperature. 
Heating Degree Days and Cooling Degree days are used to calculating the energy 
consumption in different sites or buildings, by relating the outdoor conditions with the 
energy required. The base temperature, used in the equations represents the desired 
indoor temperature adequate for thermal comfort. Arnold [36] was the first one that 
introduced the calculation of the degree-days by creating a trigonometric sine curve after 
in 1969 Baskerville and Emin [37] developed the method of calculation using a computer to 
be an easy method.  
 In this method, the first variable represents the balance-point temperature (Tbal), 
defined as the outdoor temperature (t0). The balance point represents the indoor desired 
temperature(ti), followed by some factors like the total internal heat gain from the number 
of occupants, lights, equipment or direct heat gain from the sun (qgain) and the total heat 
loss coefficient of the building (H). 
At this temperature (Tbal) the building does not require heating or cooling.  
T bal= ti -
𝑞𝑔𝑎𝑖𝑛
𝐻
      [Eq. 1] 
In order to calculate the necessary HDD and CDD, it is necessary to provide the 
balance-point temperature. Below that temperature, the rate of energy consumption of the 
heating system is proportional to the difference between the balance-point and the 
outdoor temperature.  
  qh=
𝐻
𝜂ℎ
[tbal-to(τ)] when t0<tbal       [Eq. 2] 
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Where ηh represents the average seasonal efficiency of the heating system. With the 
assumption that ηh, tbal, and H are constant we can write the annual heating consumption 
as: 
qh, yr=
𝐻
𝜂ℎ
∫[𝑡𝑏𝑎𝑙 − 𝑡0(𝜏)]
+ 𝑑𝜏     [Eq. 3] 
 The symbol of plus at the brackets defines the fact that only positive values are 
considerate in the calculation method.  The result of this equation can be defined as 
“heating degree-days” (HDD) or “heating degree-hour” (HDH), where tbal represents the 
base-temperature. The balance point temperature of a building depends on many factors 
like the functionality of the building, the type and level of insulation, the interior heat gains, 
the number and behavior of the occupants that vary from case to case. 
A similar method is used for cooling, the only thing that changes is the balance point 
temperature. Below the value the building does not need cooling and takes into 
consideration the internal gains. 
qc, yr=
𝐻
𝜂𝑐
∫[𝑡0 − 𝑡𝑏𝑎𝑙(𝜏)]
+ 𝑑𝜏                                 [Eq. 4] 
Where 𝜂𝑐  represents the average seasonal efficiency of the cooling system and by 
presuming that  𝜂𝑐, tbal and H are constant values. The plus sign above the bracket indicates 
that only positive values are to be considered. This integral of the temperature difference 
summarizes the effect of outdoor temperatures on a building and is approximated by 
summing averages over relatively short time intervals (day or hour). The result is termed 
“heating degree-days” (HDD(tbal)) or “heating degree-hours” (HDH(tbal)) with tbal notifying 
the base temperature. 
The balance point temperature of a house depends on many factors, such as the 
type of construction, the level of insulation, the sources of heat gains, as well as the 
behavior of the occupants, which could vary from region to region, and even from house to 
house within the same locality. Due to all these factors, the use of one single balance-point 
temperature is not enough, and the need for variable-base temperatures becomes 
necessary for the purpose of simplified energy calculations in buildings. 
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On this base, M. Christenson [38], has carried out a study, in Switzerland, where he 
underlined the negative impact on the energy consumption in buildings caused by climate 
changes. He considered that the equation used with the DD variable represents an efficient 
and straightforward method from where it can be determined the energy consumption 
needed for heating or cooling. Christenson investigated this correlation between these two 
variables, using the HDD and CDD formed from a monthly temperature database. In his 
notes, he found out that between the sample period of 1901 and 2003, the HDD has 
decreased significantly up to 18% and therefore the energy consumption is predicted to 
increase up to 80% by the beginning on 2085. As a conclusion from his studies, he is 
referring to the multi stories buildings that have the ability to be insulated, and reduce the 
greenhouse gas emission, referring here especially to the commercial buildings.  
Robert G. Quayle [39] observed the correlation between the DD and the energy 
consumption referring here only to the residential buildings. His correlation refers to a 
specific area, or 6500 km2, and refers exactly to the consumption of the electricity, having 
a sample period of 11 years. The time series data that he collected with success, represents 
the variation in temperature directly proportional to the energy consumption in the 
buildings. From his calculations to find out the relationship, the data used for the correlation 
defines a base temperature of 18o C, and after he ran the regression, the diagram has shown 
the relationship between these two variables.  It was observed that energy consumption 
related with the whole HDD, represented in the slope of the regression, is relatively low, 
comparing with the ambient temperature. The equation that he managed to define this 
type of correlation has been used to calculate the slope in other areas in America, supported 
by the fact that a simple model can explain a possible and rough estimation of the energy 
consumption affected by the changes in temperature.  
K. Papakostas [40] had performed a different type of study, which aimed to calculate 
the heating and cooling degree variables and to determine the energy consumption in 
different locations, based on the data that he collected composed form dry bulb outdoor 
temperature. He succeeded in collecting data from the Meteorological stations, having a 
significant sample period between 1983 and 1992. His study was carried out in Greece, and 
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his main subject was to perform a comparison between 2 main cities, Athens and 
Thessaloniki. For both cities, he defined the base temperature 10oC-20oC for HDD, 
respectively 20oC -27oC for the CDD.  
Papakostas calculated the HDD based on the traditional method, based on the base 
temperature tbal, that defines the exterior temperature, that takes into consideration the 
desirable indoor conditions, along with the interior gains accumulated from occupants, 
interior equipment, direct sun or lighting (qgain) along with the total heat loss variable 
defined as H, as defined by Equation 1. 
After this, he started calculating a different equation based on the rate of energy 
consumption of the heating systems and the average seasonal efficiency. Before proceeding 
with the conclusions, he formed tables that show the difference between the two cities 
having different values of HDD.  
After performing different test and equations, he reached the conclusion that in the 
city of Thessaloniki, the HDD variable is significantly higher compared to Athens, as it can 
be seen from the total value from the tables. Therefore, the energy consumption is also 
higher. His aim of his research was to provide to the engineers and designers a better data 
to understand and simplify the energy consumption for all Greece. 
Another study based on the HDD variable was carried out by Matzarakis [41], that 
had the aim to compare the energy consumption from all Greece based on the geographical 
distribution of the HDD. In his research, he used meteorological data from 40 stations, 
collected at the base temperature of 14oC and performed different statistical tests, and the 
results from these tests showed a high correlation. The HDD were calculated based on the 
daily air temperature, taking into consideration the heating period between October and 
May. He calculated the values using different approaches that are connected with the base 
temperature, the mean temperature, the minimum and maximum temperature. The results 
of the test show a very high correlation in December represented by R2 equal to 0.95 and a 
low correlation in May of 0.74. From the values collected, he noticed that in some cities 
there were registered high values for example 1748.4 °C, in comparison with other areas 
where there are up to 9 times smaller values and where the energy requirements are lower. 
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As presented in Figure 4, he compiled a map illustrating the HDD distribution in the county. 
From his research with the HDD geographical distribution, observed in Figure 5, he 
concluded that energy consumption is higher in the northern areas of the county and the 
relationship between the values was statistically significant.  
 
 
Figure 5: Geographical distribution of HDDs for the cold period of the year [41] 
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 A similar study has been made in Bucharest as well, where the UHI effect was noticed 
and analyzed. The UHI effect has been marked, and its intensity was high and the 
percentage of oxygenated areas was low, 7.46% of the total areas. The UHI effect in 
Bucharest was studied throughout a network merged with the Environmental Research 
Center in Bucharest.  The differences between the areas were registered around 2.50°C 
during winter and around 5°C during summer.  In the center of Bucharest, at the University 
Square, high values of temperature have been observed compared with the surround areas 
outside the City. The difference in temperature is caused by the dense build area in the 
center and pollution caused by cars heating and cooling systems. The UHI effect that is 
present in Bucharest, figure 6, has caused serious problems as the years were passing.  
  
Figure 6: The temperature in July for Bucharest (WorldClim 1950–2000) 
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 The pollution caused by cars is creating a discomfort among the people and also 
problems of health, more and more people have been diagnostic with breathing difficulties, 
another problem is that the citizens started installing a high number of air conditioning 
system to resist the heat in the summer. The green areas had begun to decrease slowly. 
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3. METHODOLOGY AND DATA COLLECTION 
3.1. HEATING/COOLING DEGREE DAYS 
  
 The main purpose of this paper is the calculation of HDD from publicly available 
meteorological data in the Greater London City, by collecting data from different stations, 
and order to compare it and fulfill a report that can be used in other areas or cities to 
compare the energy consumption from different areas and to provide better solutions. For 
the present research, data from 25 meteorological stations located in the Greater London 
Area are used for the calculation of location specific monthly HDD by using daily records 
from the last six years (2011-2016) and using the equations to calculate the HDD for base 
temperatures of 16 and 18°C. 
 The city of London is known as one of the popular city well developed and one of the 
fastest growing cities in the World. As of 2013, more than 8.3 million people occupied 3.4 
million household spaces that covered on average 12% of the Greater London Area available 
space [42].  
 In the European Union, the building sector accounts for almost 40% of total energy 
consumption, with space heating representing 68% of total household consumption, 
followed by water heating at 12% for 2009[42]. The same trend is evident in London, where 
according to the London Energy and Greenhouse Gas Inventory [43] energy consumption 
reached 52.5 TWh, with more than 76% in the form of gas, that led to an estimated carbon 
footprint of 14.8 Mt of CO2. The carbon footprint of the housing sector was responsible for 
36% of the total footprint of all areas thus, leading to a strong correlation between housing, 
local climatic conditions and emissions throughout the Greater London Area. 
 Furthermore, an attempt to record, analyze and evaluate dry bulb temperature data 
for a relatively long period (6 years), from publicly available measurement points located at 
various sites throughout the Greater London Area is described. The HDD were calculated 
from 25 local stations, as compared to DD values calculated from conventional 
meteorological data of the greater area, may be used as a reference for estimating relative 
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differences in heating energy demands of buildings in various regions of the city. By 
comparing the calculated DD data, exists the possibility to notice preliminary conclusions 
about the UHI effect in densely built areas in comparison to the suburban locations of the 
Greater London Area [44]. 
 To study the UHI intensity and characteristics in the Greater London Area, data from 25 
fixed meteorological stations that provide publicly available data and are installed in the 
greater metropolitan area of the city and around it, were analyzed. The locations of the 
stations are given in Fig.7, and the exact coordinates are given in Table 2.  
Station Number Station Name Co-ordinates 
S1 03770-Saint James park 0.13W/51.50N 
S2 03781-Kenley 0.09W/51.30N 
S3 EGKB-Biggin Hill 0.03E/51.33N 
S4 EGLL-Heathrow 0.46W/51.48N 
S5 EGWU-Northolt 0.42W/51.55N 
S6 I90581027-Sunbury on Thames 0.43W/51.42N 
S7 Iver, South Bucks 0.51W/51.50N 
S8 IESSEXUP1-Upminster 0.27E/51.57N 
S9 IGREATER31-Hayes end 0.43W/51.52N 
S10 IGREATER38-Harrow 0.34W/51.61N 
S11 EGLF-Farnborough 0.77W/51.28N 
S12 EGMC-Southend-On-Sea 0.70E/51.57N 
S13 IBERKSHI4-Owlsmoor 0.77W/51.35N 
S14 IBERKSWI1-Ascot 0.68W/51.42N 
S15 IMIDDLES2-Hounslow 0.37W/51.46N 
S16 EGLC-City airport 0.06E/51.51N 
S17 IGREATER13-Bloomsbury 0.13W/51.52N 
S18 IENGLAND104-Leatherhead 0.32W/51.29N 
S19 IGREATER3-Surrey 0.17W/51.36N 
S20 IBUCKING4-Chalfont St Peter 0.55W/51.61N 
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S21 IESSEXGR2-Grays Essex 0.33E/51.49N 
S22 ILONDONL9-Hampstead 0.16W/51.56N 
S23 ILONDONT2-Tottenham 0.09W/51.59N 
S24 IMIDDLES1-Wembley 0.33W/51.56N 
S25 IKENSING2-Kensington 0.21W/51.50N 
Table 2: Coordinates of the Meteorological Stations 
 The stations were selected based on two main criteria, first their spatial location 
throughout the Greater London Area, to cover as much as possible, the area, and also the 
availability of full hourly datasets for at least three years to have a relatively long period of 
data. 
Figure 7: The locations of the meteorological stations 
 As a reference point, the station, located in Saint James Park (51.5N, 0.13W) in the City 
of London was used (designated S1), while the remaining stations are in a radius of up to 15 
km. The majority of the stations use commercially available equipment with an accuracy of 
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at least 0.1°C and a sampling rate of less than 30 minutes in all cases. The period of the 
study consists from 1/01/2011 to 20/09/2016. In order to evaluate the impact on energy 
and comfort conditions, HDD are calculated for base temperatures of 16 and 18°C. 
 
3.2. COMPARISON BETWEEN THE STATIONS 
 
 From the data collected and that was analyzed, it has been shown that the mean value 
of the HDD having the base 18o C can vary from area to area. It has been taking into account 
of analyzing the heating period composed from October until April. After the data was 
collected, maps that contain all the stations have been plotted and illustrated exactly the 
differences between the stations in comparison to the station located in the center of the 
city, having the name S1, Saint James. In the illustrated maps, not all the stations are showed 
because they were located out of the outline of the city of London. Therefore, stations 
number S4, S11, S12, S13, S14, S17 and S18 are not seen in the maps. Another obstacle that 
it has been encountered was the invalid data, therefore for some heating periods the 
stations at which the data were not available, or there were incorrect, will appear under 
N/A. The months from October until April it is represented by the heating period, where the 
citizens are starting to use the heating systems. The aim of this thesis is to understand the 
reasons of the differences between the stations appear. The difference is major compared 
with the station that is positioned in the center of the city and where UHI effect exists from 
many reasons explained in the first chapters. By understanding the relationship between 
the different areas, a clear image can be illustrated in order to estimate the energy 
consumption in other areas as well. 
 Our purpose is not only to understand and release a possible theory about the 
differences of temperature in different areas, but at the same time to emphasize the 
opportunities and the necessity of integrating green areas in the city and to promote better 
solutions for the old and new constructions. The integration of this type of solutions will 
help to decrease the UHI effect as the green areas will increase, covering the concrete ones.   
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 As the past studies, have shown, the HDD values can be considered a tool to observe 
the energy needed for different regions. The London Heat Map has shown that large 
quantity of heat is present in the city center, proved now by the data collected that the 
highest value of HDD is present at the S1 that is located there. The difference of values that 
are present can appear from some reasons, mainly from the number of buildings that exist 
in the areas but also from the different climatic characteristics. The atmospheric pollution 
is also the main reason for the difference in temperature but is not enough to explain the 
amount of heat transmitted, which is higher in the city center compared with the 
surrounding areas.   
 In crowded areas, as the city center of London is, the air temperature is much higher 
mainly from the difference construction materials used, that can absorb the solar heat and 
release it slowly. It has been seen that the weather stations that have registered lower value 
of HDD are positioned in areas where the percentage of buildings is not as dense as in the 
city center.  
 Nevertheless, by analyzing the values that are available, we cannot be sure if the details 
are enough to establish a clear shape of the energy consumption for each area. The 
percentage of energy consumption is also affected by the type of building and its function, 
the changes that can have the climate, the type of heating/cooling system that is used and 
also if the buildings are isolated or not.  However, for the time being, the values it will help 
us understand the differences of values that are caused by the UHI intensity. The size, 
direction and intensity of the thermal flow that can appear on the roof level of the buildings 
may also have a significant influence on the microclimatic urban conditions, in respect to 
the UHI intensity but also with the indoor comfort in the buildings. 
 By looking on the map that represents the heating period 2010-2011, it can be notice 
the fact that some of the methodological stations where the data was available, it shows a 
significant difference comparing with the one that is positioned in the center of the city.  
The differences are reaching to maxim 14.50%, as it can be observed at the station number 
S2, placed in the South part of the city. Taking into consideration the points that are near 
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the comparison point, for example, S16 and S25, still it can be remarked a difference of 
1.80% compared to S1.   
 The methodological stations in the West part of the city, like S4, S5, S6 and S9 that are 
positioned near the Airport Northolt London, where the data was available it was observed 
that in the heating period between 2010-2011 the difference was up to 7.7%.  
 
Figure 8: Difference heating period 2010-2011 
Moving forward, on the next heating period 2011-2012, all the weather stations 
have the data available, so it can be observed that the difference are still present in the 
surrounding areas of the city comparing to the city center, the differences arrive to a maxim 
of 15.50% in the South part and 8.60% in the West part and a minim value of -0.03% in the 
borough of Greenwich. 
The citizens are continuously moving towards the city center; all the actions are 
being held there from loving to working environments. Nevertheless, if improvements could 
be made in the urban density, in the architecture of the building it is possible to see an 
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improvement and lower values to be marked. Changes like improving the building material, 
adding more green space and isolation in the construction in order not to have losses can 
help the dense urban environment to decrease its value. 
 
Figure 9: Difference heating period 2011-2012 
 The citizens are continuously moving towards the city center; all the actions are 
being held there from loving to working environments. Nevertheless, if improvements could 
be made in the urban density, in the architecture of the building it is possible to see an 
improvement and lower values to be marked. Changes like improving the building material, 
adding more green space and isolation in the construction in order not to have losses can 
help the dense urban environment to decrease its value.  
In the heating period 2012-2013, at some stations, improvements have been 
spotted. The values of the differences were lower compared with the previous periods. This 
action may be caused by the fact that citizen started to use better systems or to isolate their 
houses. Nevertheless, in some stations for example S21, positioned in the East part and also 
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S19 located in the boroughs of Sutton in the South increased in this period. This fact may 
be cause from climatic changes that may have appeared in the area. 
Figure 10: Difference Heating period 2012-2013 
Moving forward to a closer period, from 2014 until 2015, not all the stations had the 
data available. The maximum difference compared with S1, was registered in the South part 
of the city, in the borough of Bromley that was 11.90% in the heating period between 2014 
and 2015. This fact is showing that major improvements have not been made, after a period 
of 3 years; the weather stations are still showing high differences of the values, compared 
with the comparison point in the city center.   
In the West part, a significant difference was still noticed, a maximum value of 8.70% 
was registered by the station S9 from 2013 until 2014, value that in the past heating period 
was maxim 7.70%. A minimum value, nevertheless, is recorded by station S7 of 3.60%, 
located at the edge of Hillingdon borough, a value that in the past period was 3.30% and 
maxim 5.30%. 
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Figure 11 Difference Heating period 2013-2014 
 During the heating period from 2013-2014, the high difference it is still showed at 
station S3 in the borough of Bromley, a value reaching 11.6% higher compared with other 
ones. In the West part of the city as well we encounter high values, in Hillingdon borough 
where three stations are located, 2 of them they show values above 8% difference with the 
comparison point. 
Nevertheless, at station S8, that in the previous year was shown a less value, in this 
period had reached a maximum value of 9% compared with the following heating periods 
2014-2015 and 2015-2016 as well. S16 that is also close to the comparison station S1 has 
reached in this period also a maximum value of 5%, taking into consideration that is close 
to the center of the city.  In the following heating period, of 2014-2015 a slightly decrease 
it can be seen, the values that were high in the previous cycle, now they decreased from 
0.3% up to 1.3% represented by station S16.  
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Figure 12: Difference Heating period 2014-2015 
In the last period of our study, 2015-2016, 4 of our total stations had invalid data. 
Compared with the previous periods a high value was registered in the South part, at station 
number S2, reaching a maximum value of 16.50% compared with all the previous heating-
periods. Low values compared with our comparison point have been registered in the West 
part of the city.  
The graphs below represent the number of heating degree days in different heating 
periods and represents the evolution in each station. The past period varies from 6 until 16 
years ago, since at some weather stations. Taking for example station S1 Saint James that is 
located in the city center and has data available only from 2010 until 2016, it is clear that 
the numbers of HDD suffers a fluctuation throughout the years. The high value that this 
station has reached was recorded in the heating period between 2012 and 2013 that was 
more than 2000.  A significant amount of the other stations has recorded a high value of 
HDD, taking into consideration that they were far from the city center, for example, S3-
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EGKB from the borough of Biggin Hills that recorded in the same heating period from the 
same year a value higher than 2500. The station that recorded the less that 2000 is 
represented in the same period by S19 that from the previous images plotted with the 
maps, this specific station had the highest difference compared with S1 in the city center.  
Figure 13: Difference Heating period 2015-2016 
The images represent a part of the weather stations where the data was available 
for six heating periods or more. It is clear that the number of HDD has a fluctuation 
throughout different years, depending on the climatic weather, the amount of CO2 
emissions and also from the usage of the heating systems that may affect the stations. 
Taking into consideration the heating periods from the last three years from 2013, it is 
observed that compared with the following period the value of HDD grew a small 
percentage and after it decreased an insignificant percentage. From all the stations, we can 
notice that only at some stations it continuous to grew.  
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The changes in climate can be reflected in the number of degree days and at the 
same time can represent a model to estimate the energy demand for heating the buildings. 
The values of the outdoor temperature are affecting the daily life of the humans, mostly the 
thermal comfort. The diagrams represent in the same time the average of heating degree 
day recorded at different borough in London. 
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Table 3: Evolution of HDD at meteorological stations 
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3.3. ENERGY CONSUMPTION CORRELATED WITH HDD AND INCOME 
 
Heat loss from different buildings is directly proportional to the differences between 
the indoor and outdoor ambient temperature. Therefore, the energy consumption for 
heating or cooling is related to the values of the temperature but in the same time of the 
resident’s income as well.  
The changes of climate are caused mainly by human activities as mentioned before. 
The continuous and accelerated growth of the population is coming along with the need of 
increasing the number of buildings and towards the energy consumption, which has a high 
effect on the emissions of greenhouse gas effect. The energy consumption will continue to 
increase as long as this growth trend of the population and number of buildings is growing 
as well. The fuels are the primary source from where energy comes; even though technology 
nowadays is trying to develop different types of solutions by using renewable cleaner energy. 
Various articles have mentioned that the industries that are producing the primary energy are 
responsible for 25.9% of the total greenhouse emissions, and this percentage refers to the total 
global one. [45]  
The growth of the population is also coming with other factors like space comfort 
inside a building. In a different type of building, the consumption is directly proportional 
with the functionality of the building and with the occupancy of it. The number of hours 
that a person is spending inside, the number of persons that are inside a space, along with 
the facilities inside like office equipment and lighting have a significant impact on final 
energy consumption. A second factor is the weather conditions, ambient temperature, 
humidity and solar radiation which can directly affect consumption. If a building is not good 
design, according to different principles this fact can lead to over-loading the system for 
heating or cooling the space.  
Directive (EPBD) [46] has introduced Article 9 that states the fact that by 31 December 
2020, all new buildings have to be nearly zero- energy buildings and after 31 December 
2018, new buildings occupied and owned by public authorities have to be nearly zero-
energy buildings.  A “nearly Zero -Energy Buildings is defined as “building that has a very 
high energy performance… []. The nearly zero or very low energy required should to a very 
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significant extent be covered by energy from renewable sources, including renewable 
energy produced on-site or nearby.” In order to reach these targets, more than half of the 
buildings have to have the energy consumption and the CO2 emissions close to zero as the 
definition says. [45]  
In the city of London, the primary consumers of energy are represented by the 
residential building, that consume a high amount of energy for heating and domestic hot 
water, followed up by commercial buildings, office, schools and hospitals. Overall, the city 
consumes 66 TWh/year for heating needs, but things are expected to change shortly. The 
UK Government declared that by 2050s, summer temperature in London is predicted to 
increase with 2.7o C and has announced that citizens should be prepared for heat waves, as 
a consequence of UHI [47].  
The existing buildings in the city of London contain an insignificant thermal 
performance as they have poor design, represented by single layer of glass at the windows 
and without no solar shading, therefore they present losses of heat during cold period, and 
during summer a high amount of sun radiation hitting the building and performing a high 
consumption of the cooling systems. Actions have to be made to regulate the energy 
consumption in each building to regulate the environmental performance of them. In the 
past, the energy consumption recorded in London has increased its rate by 0.5% per year. 
The reason for this increase was mainly from economic growth, the increased number of 
buildings and the significant number of HVAC system that have been installed.  
The production of energy used in the houses in London is the main responsible for 
the high increase of carbon dioxide emissions in the city and the greenhouse gas emissions. 
Compared with the transportation and different industries, the housing sector represents 
the area with the highest energy consumption. The graph below (Figure 15) accounts for the 
energy consumption in the residential sector, represented by the blue line and with the 
orange line it is represented the transportation and industrial sectors along with the public 
services. As it can be seen the energy consumption in the residential sector is represented 
by a stable line, from 1970 until 2008 but after as showed it can be seen that in the last 6 
years the energy consumption has been suffering changes, for example in 2010 has a 
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significantly increased followed by a sudden decrease in 2011, this effect can be explained 
by the sudden changes in weather [48].  
 
Figure 14: Graph of the energy consumption in the residential sector 
The most important factor that is forming a pattern of the energy consumption in 
homes is represented by the weather conditions and the outdoor temperature.  
The majority of houses are using central heating, and the fuels utilized in the systems 
have changed in the last decades. Gas has the highest use. As it has been recorded by DECC, 
47% of the total energy consumption of UK, equivalent of 764 of TWh of energy consumed 
in 2012, [49] and the majority of this amount was represented by gas, as it accounts for a 
dominant fuel for domestic heating, followed by electricity and oil [50]. 
People tend to pay a lot to achieve thermal comfort in their houses, but this action 
is directly proportional to the income of each householder. Typically, the people that have 
higher income tend to have bigger houses and spend more money compared to those that 
have smaller revenues and smaller houses. The energy cost of each building is also affected 
by the type of fuel that is used for the heating. In the UK, the highest percentage of fuel is 
made by natural gas fuel followed by electricity (Figure 15). 
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Figure 15: Type of fuel used in UK 
 Furthermore, to analyze the energy consumption and the HDD data, a number of 8 
specific stations have been chosen to have a better image of the two variables. The weather 
stations have been selected according to their location in the borough. The energy 
consumption that refers to natural gas, has been divided by the number of dwellings per 
borough. Unfortunately, data corresponding to the energy consumption of the Natural Gas 
per borough was available only until 2012, but nevertheless it can be observed that for a 
period of 3 years corresponding with the HDD, the two variables are correlated. Series 1, 
represented by the blue points represents the trend line of the energy consumption 
measured in GWh and Series 2, represents the number of HDD in an annually data 
represented by the orange dots. It can be observed that as the HDD increases also the 
energy consumption increases as well. As the observations are only for 3 years, we cannot 
have a quantitative analysis of what is happening with these 2 variables in the last past years 
to make a forecast, but it is enough to underline the fact that they are correlated. 
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Figure 16: Correlation between Energy consumption and HDD in the City of London 
Figure 17 :Correlation between Energy consumption and HDD in the Croydon 
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Figure 19: Correlation between Energy consumption and HDD in Hillingdon 
Figure 18: Correlation between Energy consumption and HDD in Bromley 
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Figure 21 :Correlation between Energy consumption and HDD in Harrow 
Figure 20: Correlation between Energy consumption and HDD in Havering 
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Figure 22: Correlation between Energy consumption and HDD in Sutton 
Figure 23: Correlation between Energy consumption and HDD in Hounslow 
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In some cases, or countries, people are having their energy consumption related to 
their income. For example, people that have larger houses with more interior appliances 
tend to spend more money on energy; this is not the case in the UK as the graph below 
illustrated. It can be observed that in the graph, that represents in the left 10% of the low-
income people and on the right 10% of the high-income families. It is visible that the higher 
income has much more expenditures per week, but also the low-income families have 
expenditures. This fact is related to the design of the house. As high-income people tend to 
pay more attention to the material that they are using in their houses, about the insulation 
of the house and also, they are careful about what type of heating system they are 
purchases. The low-income family, prefer not to spend money on insulation and improving 
their homes with energy efficient systems.  
In 2006, Desner and Ekins [51], have put the base of an article referring to the energy 
consumption related to the economic situation. It was known back then, that in 2010 UK 
was the main responsible for a big percentage of carbon emissions produced by energy 
consumption, transportation and the use of electricity, and the number was growing 
continuously. Desner tried to run some tests to see the possibility of decreasing the carbon 
emissions in case the economic situation was low. He mentioned in his paper, the term of 
energy poverty, and was referring to the type of household that was spending more than 
10% of the income towards energy consumption. Therefore, he collected the necessary 
data, formed from 3 variables: the energy consumption, the carbon emissions and the 
income of different households and after running, the correlation between the energy 
consumption and the income was the highest of all.  
For the same number of stations, that have been represented before, the scatter 
plot referring to the energy consumption compared with the total mean annual household 
Income estimate measured in GBP per borough for the same sample period that the energy 
consumption is also available. Series 1 represents the energy consumption and Series 2 
represents the estimated income for the household sector. For S1 represented by the City 
of London, located in the city center, it is difficult to estimate the relationship as the number 
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of dwelling is insignificant. On the other hand, it can be notice on the other boroughs that 
if the income increases, the energy consumption is slowly increasing as well.  
 
 
 
 
 
Figure 24: Correlation between Energy consumption and income in the City of London 
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Figure 25 :Correlation between Energy consumption and income  in Bromley 
Figure 26 :Correlation between Energy consumption and income in Croydon 
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Figure 27: Correlation between Energy consumption and income in Hillingdon 
Figure 28:Correlation between Energy consumption and income in Havering 
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 Figure 29 : Correlation between Energy consumption and income in Hounslow 
Figure 30 : Correlation between Energy consumption and income in Harrow 
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Figure 31 : Correlation between Energy consumption and HDD in Sutton 
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4. RESULTS-CONCLUSIONS 
 
As expected the UHI effect is present in the majority of the cities, especially in the cities 
that have high-density buildings and from the materials used in constructions that have 
particular thermal properties to keep the heat. The phenomenon is creating negative 
impact in the energy consumption, health, income and environment. The energy 
consumption is affected due to the variations of temperature that are registered across the 
surface of the city. As the heating/cooling are designed for a specific indoor condition, this 
is irrelevant due to variations. In the same time the greenhouse gasses emissions, emitted 
by fossil fuels that are used in order to produce energy is affecting the climate change and 
UHI’s intensity. The relationship between outdoor temperature and the energy demand 
cam be considerate an intuitive one. During winter, as the outdoor temperature is higher, 
the energy consumption is lower, but during summer as they are higher, the energy used 
for cooling systems is increasing significantly. From the literature review and from the 
variety of articles that have studied the correlation between HDD and energy consumption, 
the conclusion is that the energy demand in different areas can vary and the correlation 
between them is strong as the UHI’s intensity is increasing.  
Several types of research have proved that the energy consumption is directly 
proportional to the outdoor air temperature and other with the income of each family. The 
present study can be helpful in future papers to move further and forecast the energy 
consumption in different areas taking into consideration mainly the heating degree days’ 
values. 
The contribution of this thesis is to find the connection between the 3 variables in 
order to estimate the energy consumption in other places, based on the HDD or UHI’s 
intensity. Nevertheless, the thesis does not contain data of various years due to the fact 
that it was not available. For the regression made to analyze the correlation coefficient 
between the energy consumption and income, the data collected is referring to the entire 
country. Data corresponding only to the city of London was not available. The future 
purpose of this thesis is to gather the monthly or at least quarterly data for each variable, 
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corresponding to the city itself, to have more observation and to obtain a clear image 
regarding the correlation. The distribution of HDD can give a clear idea of the future changes 
in climate, represented more by the overall warming of the atmosphere.  
As expected the urban heat island effect it is indeed caused by the building materials 
that are used especially in dense cities as London and also by the number of vehicles that 
increase the CO2 emissions and anthropogenic heat. From this fact, the HDD is fluctuation 
around a mean variable and directly proportional so as the energy consumption.  
As the citizens are the only ones that can help decreasing the UHI in each city. As the solar 
radiations are heating the building surfaces, the materials that are used have to change and 
improved in order not to keep the heat. In the same, dark colored materials should not be 
used as they have lower solar reflectance value compared to the light color materials. The 
“cool roofs”, represent the possibility to replace the conventional dark material that is used 
on rooftops and that has a high influence on the space below them, represented by high 
temperature in the summer due to its property to keep the heat from the sun. Other 
buildings that are built from materials such as steel or stone have higher heat capacities 
compared with the rural materials. 
The roofs can also be protected by installing the “green roofs”, represented by a 
typical roof that includes plants and vegetation. In this way, the green spaces that have 
been removed to build a new building can be replaced with this type of solution. In this way, 
the vegetation that has the evaporating cooling effect can help the city combated the UHI 
effect, cleans and cools the air, and at the same time is protecting the building by absorbing 
the heat and reduce the energy consumption. 
Urban Heat Island is an adverse effect that comes along with different impact upon 
the human life starting with the energy consumption in each house and increasing the 
emissions of greenhouse gases and the percentage of pollution. By decreasing the green 
spaces and increasing the CO2 emission, health is the primary factor affected. In the last 
years, it can be seen that more and more people have problems with the breathing system. 
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APENDIX: 
 
Station number S5; Station name I90581027 
Weather Station ID: I90581027 
Station Name: Sunbury on Thames 
Madis ID: C9917 
Latitude / Longitude: N 51° 25 ' 1 '', W 0° 26' 0'' 
Elevation: 58 
City: Middlesex State: UK 
Hardware: Davis Vantage Vue 
Software: meteobridge 
Station number S8; Station name IESSEXUP1 
Weather Station ID: IESSEXUP1 
Station Name: Madis   ID: AP936 
Latitude / Longitude: N51°33 ' 59 '', E 0 ° 15 '59 '' 
Elevation: 75 
City: Upminster 
State: ESSEX 
Hardware: Davis Vantage Pro 
Software: WeatherDisplay:10.37 
 
Station number S10; Station name IGREATER38 
Weather Station ID: IGREATER38 
Station Name: London Harrow  
Latitude / Longitude: N 51° 36' 35'', W 0° 20'23'' 
Elevation: 300 
City: Harrow 
State: GREATER LONDON 
Hardware: Davis Vantage Pro 2 
Software: WeatherCatV2.40B198 
 
Station number S11; Station name EGLF 
Weather Station ID: IFARNBOR8 
Station Name: A327 
Latitude / Longitude: N 51 ° 17 ' 33 '', W 0 ° 47 ' 59 '' 
Elevation: 213 
City: Farnborough 
Hardware: Netatmo Weather Station. Monitor your 
environment in real-time. Access your station’s indoor and 
outdoor measurements (temperature, humidity, air 
pressure, CO2 levels, and noise levels) directly from your 
smartphone, tablet or computer. Additional sensors 
available. 
Software: Netatmo 
 
 
Station number S13; Station name IBERKSHI4 
Weather Statin ID: IBERKSHI4 
Station Name Owlsmoor, Madis ID: C617 
Latitude / Longitude: N 51° 21' 7'', W 0° 46' 26'' 
Elevation: 272 
City: Sandhurst 
State: BERKSHIRE 
Hardware: WMR928NX 
Software: WeatherDisplay:10.37 
 
Station number S15; Station name IMIDDLES2 
Weather Station ID: IMIDDLES2 
Station Name: Hounslow 
Latitude / Longitude: N 51° 27' 23'', W 0 ° 22 ' 0 '' 
Elevation: 69 
City: Hounslow 
State: Middlesex 
Hardware: Davis VP2 Pro Plus 
Software: WeatherDisplay:10.37 
 
Station number S15; Station name IMIDDLES2 
Weather Station ID: IMIDDLES2 
Station Name: Hounslow 
Latitude / Longitude: N 51° 27' 23'', W 0 ° 22 ' 0 '' 
Elevation: 69 
City: Hounslow 
State: Middlesex 
Hardware: Davis VP2 Pro Plus 
Software: WeatherDisplay:10.37 
 
 
Station number S18; Station name IENGLAND104 
Weather Station ID: IENGLAND104 
Station Name: Leatherhead, Madis ID: D0265 
Latitude / Longitude: N 51°17' 2'', W 0 ° 21 ' 52 '' 
Elevation: 217 
City: Leatherhead 
State: Surrey 
Hardware: Davis VP2 FARS 
Software: WeatherDisplay:10.37 
 
Station number S19;  
Station name IGREATER3  
IGREATER3-Surrey Weather Station ID: IGREATER3 
Station Name: Chessington 
Latitude / Longitude: N 51 ° 22 ' 22 '', W 0 ° 17 ' 55 '' 
Elevation: 105 
Station number S20; Station name IBUCKING4 
Weather Station ID: IBUCKING4 
Station Name: Chalfont St Peter 
Latitude / Longitude: N 51 °36'39'', W 0° 32 ' 59 '' 
Elevation: 320 
76 
City: Chessington 
State: Surrey 
Hardware: Oregon WMR200S 
Software: VWS V14.01 
City: Gerrards Cross 
State: BUCKINGHAMSHIRE 
Hardware: Davis Vantage Pro 2 Plus 
Software: Wunderground v.1.15 
 
Station number S21; Station name IESSEXGR2  
Weather Station ID: IESSEXGR2 
Station Name: Grays Essex 
Latitude / Longitude: N 51°29'16'', E 0° 20' 2'' 
Elevation: 80 
City: Grays 
State: England 
Hardware: WS2300 
Software: WeatherDisplay:10.37 
 
Station number S22; Station name ILONDONL9 
Weather Station ID: ILONDONL9 
Station Name: Hampstead 
Latitude / Longitude: N 51 °33' 21'', W 0° 9' 30'' 
Elevation: 200 
City: London 
Hardware: Oregon Scientific WMR-200 
Software: WeatherDisplay:10.37 
 
Station number S23; Station name ILONDONT2 
Weather Station ID: ILONDONT2 
Station Name: Tottenham 
Latitude / Longitude: N 51 °35' 29'', W 0 ° 5 ' 16 '' 
Elevation: 82 
City: Tottenham 
State: LONDON 
Hardware: La Crosse 3600 
Software: WeatherDisplay:10.37 
 
 
  
